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Abstracf. Space-geocictic  measurement systems are capable of determining: (1 ) a terrestrial, body-
fixccl  reference frame defined in practice by the stated positions ancl secular motions of a set of
observing stations, (2) a cclcstial,  space-fixed reference frame defined in practice by the stated
locations of celestial objects, and (3) the rotation paramciers linking these two franm together. };ivc
parameters arc conventionally use(i to specify the orientation of the terrestrial frame with respect to
the cclcstial frame: two nutation parameters, two polar motion parameters, and onc spin parameter.
The celestial ephemeris pole (CHP) is defined as the nor[h pole of that axis about which the spin
parameter (UT1 ) is measured. The two nutation  parameters locate the W}’  in the celestial frame, and
the two polar motion parameters locate the CR}’ in the terrestrial frame. By examining the frame
transformation matrices, an expression relating, the location of the rotation pole to that of the W]’ can
bc derived. In order to compare theoretical predictions with observations, results of models for the
effect on the nutations of geophysical excitation proccsscs such as cliurnal  oceanic current ancl sea
lCVCI height variations should not only bc given in terms of the location of the W}’  (rather than of the
rot at ion pole), but must also account for the resonance effects of the free core nut at ion.

The Celestial Hphcmcris  Pole and its Relation to the Rotation Pole

The time-dependent components of some position vector r,(t) in a celestial, space-fixed
rcfcrencc  frame can bc related to its components r,(t) in a terrestrial, bocly-fixed reference frame
through a frame transformation which can be written as rC(t) = 1’ N [J X Y r,(f) with the nutation  N,
spin 11, and polar motion X and Y matrices being given by (e.g., Severs and Jacobs, 1994):

where h is the hour angle of the true equinox of date, c$y/ is the nutation  in longitucle,  & = s – c,, is the
nutation in obliquity with s,, being the mean obliquity, and x,, ancl y,, arc [he reported polar motion
parameters with x,, defined to bc positive along the Gwcnwich  meridian and y)) positive along 90° W
longitude. Note that no expression is given in (1) for the precession matrix 1’ since in this discussion
the precession will be treated as a 26,000-year nutation and will bc assumed to bc included in the
nutation  parameters. The five Harlh rotation parameters ]inking the celestial and terrestrial reference
frames to each other are the two nutation  parameters tiyf ant] 6s, the two polar motion parameters x,,
and y,,, and lJTl  whose definition in terms of h is given by Aoki d al. (1982).

liach of the matrices in (1) represents a rotation about soJnc axis. That axis about which the
rotation represented by lJ is taken defines the celestial ephemeris axis, with the CIiP being that point
of intersection of the celestial cphcmcris axis with the Harth’s surface near the north geographic pole.
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The pole to which the polar motion paramctm refer can be determined by first  assuming that the
inverse N-l of the nutation  matrix (assumed to inc]udc  precession) has been applied to r, so that the
components of the position vector r; =N-’  rC arc given in a rota! ccl celestial refcreJ~cc frame whose z.-
axis is aligmd  with the iJlstantaJ~eous  celestial ephemeris axis. l.ct r: = (0, 0, 1)]’ be a unit vector
aligncci  with the instantaneous ce]estia]  epheJncris  axis in this rotatecl  cc]cstial  frame. ]n thctemstrial
franlc, its coJllpcmcnts  arc to first Orciw givcJl  by rt=([]X y)-lr~ =(x,),-y,,,  ])l. Thus, the polar
motioJl  parameters locate the CXH’,  ancl J~ot the mtaticm  pole, in the terrestrial frame. Similarly, it can
bc shown that thenutatio  nparameters  sincOiSy/  and &locatc the CEPin the celestial reference fraJnc.

Thcrclation  bctwccJl thetcrrcstrial  locations of the rotation and celestial ephemeris po]es can
bc derived (Gross, 1992; Brzezinski and Capitaine,  1993) by first applying the inverse N-* of the
nutatioJ]  matrix (assumed to incluclc  pnxessicm)  to rC so that the components of the positioJ]  vector
r:(f) = N-J rC(t) = U X Y rl(t) = AT(I)  rt(i) arc giveJ~ in a rotated celestial reference fraJnc whose z-
axis is aligned with the instantaneous celestial ephcJmris  axis. ThCtraJRfOllllatiOJl  matrix A’i’(I)=U
XY istiJnc-dependent sinccthc  orientation of thetcrIestriai  fraJmc  with respect tothccc]estial  fraJllc
is changiJ~g  due to the rotation of the solid Rarth (to which the terrestrial frame is at(achecl).  in fact,
the components coiof  the rotation  vector~  clescribing  the rotation of the terrestrial frame with respect
to tbccclestial  framecan be shown (e.g., Gross, ]992) tobc the three indcpcJldcnt  conq~oJlcnts  of the.
anti-symmetric Jnatrix  W(t)=A A3’(/)  where the clot denotes tiJnc differentiation. With this definition
of W(l),  the relation between the terrestrial locations of the rotation and celestial ephemeris poles can
bc shown to be m(f) = p(t) -- i/f2 p whm-c  m = (al -t i m2)/Q, p = x,, – i yl,, and Q is the Harth’s mean
angular velocity. In the frequency domain, this relation bcconm m (or) = (Q + c_r,)/42  p(ot).  ‘l”he
difference betwecJl the terrestrial ]ocations  of the rotation aJlci Cehxtial  ephemeris po]cs is tbcrefore
seen to bc a function of the frequeJ~cy  0[ of the motion. For frec]ucncies  O,<< Q the location of the
rotation pole coincides (to first orclcr) with that of the Cl;]’. IIowever,  at nearly retrograde diurnal
frequencies (i.e., at frequencies within the nutation  band as viewed from the terrestrial frame), this is
J1O ]ongcr the case. Thus, wheJl comparing po]ar motion observatioJls  to theoretical predictioJls  at
nearly retrograde diurnal frcquencics,  it is important to account for the fact that the observccl  polar
motion paraJneters  x,, and yl, specify the location of the CEP, ancl not the rotation pole.

Geophysical lixcitatioJ~  of Nutation

The free core nutation  (ICN) is a rcsoJ]aJ)ce in the }iarth’s  rolatioJ~ duc to the preseJlcc of the
]iquicl  outer  core. ‘l%c frequeJlcy  of.,, of the IWN is estimated (Mathews cl al., 1991 ) to be
-1.0023203 cycles pcr sidereal day (cpsd) as viewed froJn within a rotating, body-fixed terrestrial
rcfcrcncc  frame, and is therefore located within the J~utatioJ~ bancl. ‘1’bus, the };CN resonance in the
}Iarth’s  rotation must be taken into account wheJl stuclyiJ~g  geophysical excitation of the Jlutations.
Sasao and Wahr (1 981) derived a numerical expression suitable for use iJ~ stuclyiJlg  the effect on the
nutations of geophysical excitation mechanisms which in the frequency domain and written in terms
of the terrestrial location p(q) of the C}i}’  bccoJms (Gross$ ] 993; ]3rmziJlski, 1994):
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where z = L22as/(3GA),  a is the mean radius of the IIarth, G is the universal gravitational coJ~stant,  A is
the ]iarth’s  ]cast  principal moJncnt  of inertia, and crrw, is the frequency of the Chandler wobble. Gross
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TABI .131. Preclictccl  Effect of Occan I’ides on Retrograde IXurnal Polar Motion (Nutation)

‘J’idc Nutation (Mrmnl Height Total
period (days) amp (pas) phase (clcg)  amp (pas) phase (dcg) amp (pas) phase (deg)

—..

K, 00 75.8 274. 8910. 148, 8865. 148.

P, 182,62 37.4 298. 912. 151. 881. 153.

0 , 13.66 71.2 234. 45.3 142. 83.1 201.

(1993) used (2) to predict the effects on the Harth’s rotation of ocean ticlal  current [the h(al)  term in
(2)] and sea lCVCI height variations [the Qc(a,) term] from the theoretical ocean tidal angular
momentum results of Seiler  (1991). His results for the nutations are given here in Table 1. lhc
predicted effect on the nutations of the K, ancl PI ocean tide heights is seen to be strong]y affcctcd  by
the resonant enhancement of the FCN, and the contribution of ocean tidal currents to exciting the
nutations is predicted to be as large as 76 pas for the K1 ticlc. The development of improved ocean
tide models that have had TO}’HX/l’oscidon  tide height measurements assimilated into them should
lead in the near future to better predictions of the cffe.cts of ocean tides on the nutaiions.

Acktlo\vlcdgt~zctl  t.v. The work described in (his paper was performed at [he Jet Propulsion 1.aboratory,
California lnstitutc  of Technology, under  contract with the National Aeronautics and Space
Administration.
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